Abstract
Introduction
In high-income countries, transmission of hepatitis C virus (HCV) infection mainly occurs among people who inject drugs (PWID) [1] . While the global prevalence of anti-HCV is estimated at 1-2% [2] , the majority of countries report anti-HCV prevalence estimates above 60% among PWID [1] . The burden of HCV-related liver disease in this population is increasing, particularly among older individuals [3] [4] [5] . Although HCV treatment for PWID has shown good outcomes [6, 7] and is recommended by international guidelines [8] [9] [10] [11] , treatment uptake has remained low in community-based cohorts of PWID (< 2% per year) [12] [13] [14] [15] as well as in the general population (< 5% per year in most countries) [16, 17] . This can be attributed to a number of treatment barriers, most notably the lack of suitable models of care and concerns of potential psychiatric adverse effects of interferon (IFN)-based treatment [18] [19] [20] . However, with increasing use of tolerable and highly effective IFN-free directly acting antiviral (DAA) regimens, HCV treatment for PWID should become more feasible.
Opioid substitution treatment (OST) could play a key role in the management of the HCV epidemic among PWID [21] . Modelling studies have shown that scaling up HCV treatment combined with improved coverage of OST and needle and syringe programs can prevent onwards transmission and lead to substantial reductions in HCV prevalence [22, 23] . Furthermore, OST programs could provide a platform for linkage to HCV care using existing frameworks for multidisciplinary addiction care. HCV assessment and treatment within such integrated models has shown its feasibility in several studies [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] . However, HCV treatment uptake among OST patients has to our knowledge not been documented at the population level.
Currently, the population of PWID in Norway comprises about 15 000 individuals, of whom 50% are receiving OST [34] [35] [36] . The prevalence of chronic HCV in this population is approximately 50% and has been stable during the last decade [26, 36, 37] . However, one third of Norwegian OST patients still inject drugs [36] and may therefore continue to be at risk of HCV exposure or contribute to onwards transmission. Documenting HCV treatment uptake in this population is crucial to inform epidemiological models, guide health political decisions and monitor treatment rates as new DAA regimens are being introduced. The high quality of the Norwegian Prescription Database, covering all dispensions of prescription drugs nationwide, provides a unique opportunity to pursue this question at the population level in a pharmaco-epidemiological context, documenting the baseline HCV treatment uptake of the IFNbased treatment era.
The primary aim of this study was to calculate cumulative HCV treatment uptake among individuals who have received OST in Norway. The secondary aims were to estimate annual HCV treatment rates and to identify factors associated with HCV treatment.
Materials and Methods
This is a population-based observational study based on linked data from The Norwegian Prescription Database (NorPD) and The Norwegian Surveillance System for Communicable Diseases (MSIS). The study population comprised all individuals identified in NorPD who had received OST and were notified to MSIS with HCV infection. The study period for both registries was from January 1 2004 to December 31 2013.
NorPD
NorPD was established in January 2004 and covers the entire Norwegian population (5.1 million inhabitants). The database contains information on all prescription drugs dispensed at pharmacies to individual patients living outside institutions. For each prescription, the date of dispension and detailed drug information is registered. The reason for the prescription is not recorded, but the diagnosis can be evident though reimbursement codes and some drug prescriptions can be used as a proxy for disease. From 2008, OST has been registered also among institutionalized patients, but prior to 2008 some prescriptions of OST have been missed by the registry.
All drugs in Norway are classified according to the Anatomical Therapeutic Chemical (ATC) Classification System. The quantities of dispensed drugs are measured as the number of defined daily doses (DDDs), which is the assumed average dose per day used for its main indication in adults as determined by the World Health Organization Collaborating Centre for Drug Statistics Methodology [38] .
MSIS
HCV infection has been subject to mandatory notification to MSIS from clinicians and laboratories in Norway since 1990. Initially only cases of acute HCV infection were registered, but from 2008 all HCV infection has been registered based on detection of either anti-HCV antibodies or HCV RNA. For each individual, the date and method of detection, mode of transmission, place of residence and country of origin are registered. However, MSIS is limited by vulnerable notification routines relying on paper forms instead of of a robust automatic electronic system. Experience shows that paper forms often are not completed, and an important proportion of HCV infections therefore probably remain un-notified. Furthermore, the registry does not discriminate well between chronic HCV infection and acute HCV infection with spontaneous clearance.
Study setting
The Norwegian OST model was implemented in 1998 and is operated through regional specialized centres. Initially the program had a high threshold for admission [39] , but new national guidelines from 2010 [40] stated opioid dependency as the only absolute criterion. HCV testing activity in OST programs has generally been low with considerable regional variation [36] , and routines for linkage to specialist care have not been systematically implemented.
During the study period, HCV treatment in Norway was delivered by specialist health care services and had not been formally integrated in OST programs, general practice or low threshold settings. Although no longer regarded as an absolute criterion, six months of abstinence from injecting drug use has often been required before consideration for HCV treatment [41] . In Norway, HCV genotype 3 is most common (50%), followed by genotype 1 (40%), genotype 2 (5%) and genotypes 4, 5 and 6 (5%) [42] . Except for individuals with genotype 1 infection, treatment has been offered regardless of the stage of liver fibrosis [43] . During the study period, all treatment regimens were based on a combination of pegylated IFN alpha and ribavirin for 12 to 48 weeks, but from 2014, new DAA treatment has become available in Norway [43] . There is universal health coverage in Norway. Until 2016, HCV treatment was reimbursed by Social Security, and currently, the cost of DAAs are covered by the Regional Health Authorities.
Study population
OST patients were identified in NorPD by including all individuals who had been dispensed methadone mixture (ATC code N07BC02), buprenorphine sublingual tablets (N07BC01) or buprenorphine-naloxone combined sublingual tablets (N07BC51) at least once during the study period. However, some off-label prescribing of these drugs to patients with chronic pain conditions or cancer does happen. Thus, individuals receiving methadone tablets or capsules more frequently than methadone mixture were excluded because these formulations are primarily used in pain therapy in Norway. In addition, those who received methadone with reimbursements codes for palliative therapy or malignancies and individuals with age below 18 years or above 70 years were excluded.
The study population was defined as all OST patients identified in NorPD who had been notified to MSIS with HCV infection, regardless of the method of detection was an anti-HCV or HCV RNA test. 
Measurements
Exposure to HCV treatment was defined as having received ribavirin (J05AB04) and pegylated IFN alpha (L03AB10 or L03AB11) at least once during the study period. The time of HCV treatment was defined by the first registered dispension of ribavirin.
For each participant, duration of active OST was calculated as the total number of months with actual dispensions of OST. OST continuity was defined as the duration of active OST divided by the number of months between first and last dispension (i.e. actual/potential OST duration). Patients were stratified according to OST continuity categories (< 50%, 50-80% or > 80%). Individuals with only one dispension of OST were considered non-adherent and included in the < 50% category. As it has been shown that most dropouts from OST occur within the first year [44] , those who had received OST continuously for at least twelve months were also identified. 
Statistical analysis
Cumulative HCV treatment uptake was defined as the proportion of individuals who had been dispensed HCV treatment at some point during the study period. Cumulative treatment uptake was stratified according to age groups at end of observation (defined as December 31 2013 or death, whatever came first). Annual HCV treatment uptake was assessed among all individuals who had been dispensed OST in each calendar year of the study period. It was calculated as the annual number of individuals treated for HCV during OST divided by the annual number of previously untreated individuals. To evaluate potential changes over time, Poisson Exact 95% confidence intervals (CIs) for annual rates were calculated.
Data were summarized using frequency (n) and percentage (%) or mean and standard deviation (SD). Factors associated with HCV treatment were evaluated using logistic regression analysis. Unadjusted and adjusted odds ratios (OR) with corresponding 95% CI and p values were calculated. Potential predictors were determined a priori and included the following variables: gender (male vs. female), age at initiation of OST (years), country of origin (Norwegian vs. non-Norwegian), duration of active OST (years), OST continuity (50-80% and > 80% vs. < 50%), OST drug (methadone vs. buprenorphine-based), benzodiazepine use (moderate use and heavy use vs. none), SSRI use (any dispensions vs. none) and antipsychotics use (any dispensions vs. none). Uncorrelated variables significant at the 0.10 level in univariate analysis were considered for multivariate analysis and removed with a stepwise elimination approach until only factors significant at the 0.05 level remained in the model. All analyses were performed using the Statistical Package for the Social Sciences (SPSS) version 22.
Data handling and ethics
The regional committee for ethics in medical research in Norway (REK) approved the study. The study was conducted according to the principles expressed in the Declaration of Helsinki. Data from MSIS were linked to NorPD based on the personal identity number assigned to each person in Norway at birth or immigration. The linkage was performed by a third party (Statistics Norway) as required by the Norwegian law for national health registries, and data was presented in encrypted files providing the confidentiality required. Data on residency were not permitted due to small sample sizes in certain regions. Informed consent from the participants was not collected as all data were analysed anonymously.
Results

Characteristics of the study population
From a total of 9919 OST patients identified in NorPD, 3755 (38%) individuals who had been notified to MSIS with HCV infection were included as the study population. The study population increased from 791 individuals in 2004 to 2923 individuals in 2013, with a substantial number of individuals entering and leaving throughout, including 219 (6%) individuals who died. The mean age at initiation of OST was 36 years, 70% were male and 95% had Norwegian origin ( Table 1 ). The mean duration of active OST was 3.8 years and the majority (77%) had received buprenorphine-based OST (Table 1) .
Treatment uptake
Of 3755 HCV infected individuals included as the study population, 539 (14%) had received HCV treatment during the study period. Of those, 111 (21%) were treated before initiation of OST, 375 (70%) were treated during OST, while 53 (10%) were treated after cessation of OST (Table 2) . When stratified by age groups at end of observation, cumulative HCV treatment uptake was 14% (222 of 1614), 15% (198 of 1344) and 15% (119 of 797) among individuals aged < 40, 40-49 and ! 50 years, respectively. Annual HCV treatment uptake during OST ranged between 1.3% (95% CI 0.7-2.2) in 2005 and 2.6% (95% CI 1.9-3.5) in 2008 ( Table 2) . Despite overlapping CIs, rates for 2004-2007 trended to be lower than rates for 2008-2013 (Fig 2) .
Individuals excluded from the study population
A substantial proportion of HCV infections are not notified to MSIS, excluding a potentially important number of HCV-infected individuals from the study population. Fig 3 illustrates the relationship between all OST patients (n = 9919), OST patients notified with HCV infection (n = 3755) and OST patients treated for HCV infection (n = 943). Looking at all OST patients identified in NorPD, 943 of 9919 (9.5%) had received HCV treatment during the individuals were similar among all OST patients (n = 9919; S1 Table) and among OST patients treated for HCV (n = 943; S2 Table) , with the exception that un-notified individuals were older and had higher mortality than notified individuals. 
Factors associated with HCV treatment
Individuals of the study population who had received HCV treatment (n = 539) were compared to those who had not received treatment (n = 3216). In univariate analysis (Table 1) , there were no differences in age or gender, but treated individuals had longer duration of active OST, higher OST continuity and less often dropped out of OST within the first year.
Patients treated for HCV received lower mean doses of benzodiazepines, were less often heavy benzodiazepine users and were more often dispensed SSRIs. However, the difference in SSRI use was not present when considering SSRIs initiated prior to HCV treatment. There were no differences in dispensions of antipsychotics. In multivariate analysis (Table 1) , HCV treatment was associated with duration of active OST (adjusted OR 1.11 per year; 95% CI 1.07-1.15) and > 80% OST continuity (adjusted OR 1.62; 95% CI 1.17-2.25). Heavy benzodiazepine use was associated with decreased odds (adjusted OR 0.65; 95% CI 0.49-0.87) of receiving HCV treatment. HCV treatment was not associated with age or gender.
Discussion
This population-based observational study evaluated HCV treatment uptake in Norway between 2004 and 2013 among individuals who had received OST and were notified with HCV infection. Cumulative HCV treatment uptake was 14% and annual treatment rates during OST ranged between 1.3% and 2.6% with no significant changes over time. HCV treatment was associated with duration of active OST, high OST continuity and absence of heavy benzodiazepine use, but was not associated with age or gender. This study provides unique baseline data on HCV treatment uptake among OST patients over a ten-year period prior to the availability of DAA treatment.
The results from this study are consistent with findings from a Norwegian cohort of PWID who previously had been admitted for residential drug dependency treatment, in which 19% of individuals with chronic HCV infection had received HCV treatment during a 16 years observation period [45] . The majority of treated individuals in the present study had received HCV treatment during OST. Still, annual treatment uptake during OST was only marginally higher than treatment rates reported in community-based cohorts of PWID not engaged in OST [12] [13] [14] [15] . Although the Norwegian OST program was expanding during the study period, this did not translate into increasing HCV treatment uptake. This could be explained by a reluctance to offer OST patients IFN-based treatment, but might also suggest a low awareness of HCV infection in OST programs in general. Prescription of OST to more vulnerable individuals during the final part of the study period could also have played a role. Stable low treatment rates in this population might therefore reflect ongoing drug use as a barrier to HCV care on both patient-and provider-levels [19] . However, there has been a trend in Norway to increasingly provide HCV treatment for active PWID [43] .
Cumulative HCV treatment uptake was similar in all age groups and there was no association between age and HCV treatment. Among diseased HCV RNA positive individuals in a large Norwegian cohort of PWID, advanced liver fibrosis or cirrhosis on autopsy was seen in 35% of those who died 25 years or more after exposure to the virus [46] . In the same cohort, liver disease was the cause of death in 30% of deceased individuals above 50 years of age [4] . Given the high burden of HCV-related liver disease reported from this and other ageing cohorts of PWID with untreated HCV infection [47] , it is a concern that treatment uptake was only 15% among individuals above 50 years at the end of the observation.
Certain characteristics of OST were associated with HCV treatment. The odds of receiving HCV treatment increased by 11% for every year spent in active OST. OST continuity by itself was also important; in fact, individuals in active OST more than 80% of the time had 64% increased odds of receiving HCV treatment compared to those with low OST continuity. These are novel findings that raise the hypothesis that retention in OST could promote healthseeking behaviour and facilitate HCV treatment.
This study also found associations between specific drug dispensions and HCV treatment. Heavy, but not moderate benzodiazepine use was associated with decreased odds of receiving HCV treatment, a finding that might reflect a psychosocial vulnerability that characterizes a group of OST patients. Benzodiazepine use is common among Norwegian OST patients and is shown to be associated with negative outcomes including poor social functioning and reduced retention in OST programs [48] . Psychiatric disease is a well-known barrier for IFN-based HCV treatment [18] , but no association between dispensions of antipsychotics and HCV treatment was found in this study. SSRI use, however, was more common in patients treated for HCV, but this difference could be attributed to SSRI use initiated during or after HCV treatment. This finding might imply that the increased SSRI use was a consequence of psychiatric side effects of IFN-based treatment [49] .
The main strength of this study is its population-based approach, providing a large sample of individuals with opiate dependency who had received OST during a ten-year period. A liberal inclusion of individuals with only sporadic or short-term exposure to OST has ensured a study population more representative of Norwegian PWID. This study is the first to document HCV treatment uptake in this essential target group for HCV treatment, providing important baseline data prior to the availability of DAA treatment.
An inherent limitation of this study is the lack of clinical data available from the registries. This may have impeded detection of factors associated with HCV treatment, although novel pharmaco-epidemiological associations have been identified. Another limitation is that OST administered to institutionalized patients was not registered in NorPD prior to 2008. HCV treatment, however, has almost exclusively been initiated in the outpatient setting and has therefore been captured by the registry throughout the study period. Consequently, annual HCV treatment rates during OST may have been underestimated prior to 2008, since some individuals probably have been misclassified as being treated prior to OST. This might explain the lower trend in treatment rates observed in this period. This bias may also have undervalued OST duration and OST continuity in some individuals, but cumulative HCV treatment uptake has not been affected.
The quality of the MSIS data brings important limitations to this study. Firstly, the registry does not adequately discriminate chronic HCV infections from acute HCV infections with spontaneous clearance. Thus, by including all notified individuals regardless of the method of detection, treatment uptake may have been underestimated. Secondly, the low notification rate is a recognized problem that probably reflects vulnerable notification routines and lacking notifications of chronic infection prior to 2008, as well as low testing activity in OST programs. Also, this study may have missed some individuals notified prior to the study period. Nevertheless, this study has shown that only 38% of OST patients were notified with HCV infection and that only 57% of patients treated for HCV were notified. Although notifications rates among treated individuals improved, it is still a concern that one in four individuals treated for HCV remained un-notified towards the end of the study period.
Restricting the study population to individuals notified with HCV infection has limited the sample size and excluded more than 40% of all patients actually treated for HCV. Although most characteristics were similar between notified and un-notified individuals, un-notified patients were on average three years older than notified individuals. This suggests that the linkage to MSIS may have introduced an age-related selection bias, excluding a group of older HCV infected individuals. Treatment uptake in older age groups may therefore have been underestimated. However, this bias has probably not altered the main finding of the study.
Cumulative HCV treatment uptake among all OST patients was 9.5%, and assuming 60% HCV RNA prevalence in the ageing OST population [26, 37] , this finding would correspond to 16% treatment uptake among all individuals with presumed chronic HCV infection.
The current availability of tolerable, short-duration and highly efficient DAA regimens has led to significant therapeutic optimism with possibilities for broadened treatment uptake and subsequent HCV elimination among PWID [23, [50] [51] [52] . Although derived from IFN-based treatment, the findings from this study are highly relevant, providing baseline data on HCV treatment uptake prior to the introduction of DAAs. Collectively, the findings from this study underscore the need for increased awareness for HCV infection in a growing population of PWID including OST patients now being eligible for HCV treatment. The results should inform health political decisions and support improved HCV testing activity and linkage to HCV care among individuals receiving OST. Although treatment uptake is expected to increase, challenges concerning drug pricing and delivery of care will probably remain. Future studies should therefore monitor treatment rates in this population.
In conclusion, this study has shown that HCV treatment uptake among patients who have received OST in Norway was low and stable during the final ten years of the IFN-based treatment era. Although long-term stability in OST might facilitate HCV treatment, the findings from this study highlight the need for improved awareness for HCV infection in this increasingly important target group for HCV treatment. 
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